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Introduction
A satellite television receiver is equipment which is designed to receive broadcasted television signals which transmit directly from a satellite. Television broadcasting through satellite has been conducted by Televisi Republik Indonesia (TVRI) to cover the areas or islands those are not served by conventional broadcasting system. Unfortunately, not all people are able to have satellite television receiver due to its high price. This is because of the used satellite is a communication satellite which has a low transmitting power; therefore the receiver requires a large size of and expensive antenna. This situation has been exploited by the private sector to initiate to build a network of satellite television broadcasting using S-band frequency with high power. As a result, the price of satellite television receiver goes down relatively inexpensive allowing residents can have their own satellite television receiver.
In May 2010, Indostar-2 satellite was launched to serve satellite television broadcasting in Indonesia. It carries 10 transponders for S-band which works at frequency band of 2520- o east longitude. Actually, the market for satellite television receiver in Indonesia is very large due to only a small number of Indonesia's population has the receiver. However, this opportunity is currently exploited by foreign companies by flooding Indonesia with their products as no national industry involves in developing or assembling its own satellite television receiving system. Therefore, in this paper, a self oscillating mixer (SOM) with dielectric resonator as part of low noise block (LNB) is proposed to be developed as an alternative or supplement product and to help national industry to fill the market in Indonesia with their own design of satellite television receiver. The developed SOM that requires no separate local oscillator is using a monolithic microwave integrated circuit (MMIC) and a dielectric resonator.
Basically, an SOM has a function to simplify some receiver layout by combining mixer and local oscillator in a same board [1] - [4] . A balanced layout allows generating the mixing signal with low cost components. Hence, the use of dielectric resonator as a balancing element contributes in phase stability which is required in satellite television receiver. By using these items a self-contained receiver for satellite television purposes can be realized. Some investigation of SOM has been studied extensively, such as dielectric resonator stabilized self oscillating mixers for fundamental frequency [1] , balanced quasioptical self oscillating mixers of fundamental frequency [5] , and self oscillating single device mixer of second harmonic [6] . In contrast to other mixers, the SOM developed here is designed to oscillate at 3.62GHz driven from 50Ω signal generator and is comprised of an MMIC comprised of two bipolar transistors coupled as a Darlington pair and a dielectric resonator to establish a local oscillator signal. The prototype of SOM is then fabricated on a dielectric substrate of glass-reinforced hydrocarbon/ceramic lamination (RO4350B) board with the thickness of 0.762mm and relative permittivity of 3.66 [7] .
Self Oscillating Mixer Design
In general, as shown in Figure 1 , the function of self oscillating mixer (SOM) as part of LNB is to change the frequency of received signals into the lower frequency with the help of a MMIC component and a dielectric resonator, before feeding the signals into some decoder for an advanced processing to obtain images and sounds. Here, the proposed SOM requires no separate local oscillator as it generates own local oscillator signal. This type of converter is low cost and compact for using in the low noise block of satellite television receiver. The design of SOM is developed from the design explained in [8] - [10] . It consists of a MMIC and a dielectric resonator. The MMIC contains of two bipolar transistors coupled as a Darlington pair as shown in Figure 2 . In the configuration of Darlington pair, the base of first transistor (TR1) that acts as the input receives the incoming signal and the collector of both TELKOMNIKA ISSN: 1693-6930
Self oscillating mixer with dielectric resonator for low noise block application (Achmad Munir) 353 transistors that are connected together are applied as the output to feed to next circuits. In addition, the output is also used to give a feedback loop that is operable for coupling signals at the frequency of local oscillator from the output side to the input side of transistors. The Darlington-connected transistors perform three functions, namely mixing, amplifying and oscillating. The configuration mixes the input and local oscillator signals, and then amplifies the obtained output signal. Hence, in combination with the feedback loop, the configuration oscillates at the frequency of local oscillator. The first transistor (TR1) will limit the amplitude of oscillations and generate the product of frequencies, whilst the second transistor (TR2) acts as an amplifier. The feedback loop of configuration including a dielectric resonator will determine the frequency of local oscillator.
Figure 2. Configuration of Darlington pair
The down conversion of received signal of 2.52GHz-2.67GHz to the IF frequency signal of 950MHz-1100MHz is accomplished using a radio frequency integrated circuit (RFIC) frequency converter MSA-0836 from Agilent. The RF signal is provided to the input of MMIC by preceding low noise amplifier stages. The local oscillator signal is created by establishing a feedback loop around the MSA-0836 using a 3.62GHz dielectric resonator. This loop has to provide 360 degree phase shift around the MMIC at the local oscillator frequency of 3.62GHz and has a loss less than the MMIC gain at that frequency, as given by the following equations.
where Φ A , Φ R and Φ C are the insertion phase of MMIC, the dielectric resonator and the remaining part of feedback circuit at f 0 , respectively. G A , L R and L C are the MMIC gain, the resonator loss and the loss of other feedback components, all of them in decibel unit. The proposed SOM is designated to oscillate at resonant frequency of 3.62GHz which is driven from 50Ω generator signal and loaded with 50Ω termination. As a consequent, the input and output terminations that couple with 50Ω load into the SOM circuit at 3.62GHz have to be included between the SOM and the input filter as well as between the SOM and the output filter. The schematic diagram of SOM circuit is shown in Figure 3 [11] . The dielectric resonator is then coupled between the input and output of MSA-0836 with the coupling coefficient will control the overall conversion gain and output of 1dB compression point.
In the schematic diagram shown in Figure 3 , the dielectric resonator is placed at an arbitrary distance from each microstrip transmission line with the coupling that is optimized by varying spacing between the dielectric resonator and the dielectric substrate for optimum performance. This is accomplished by substituting low loss spacers of different thickness. The length of l 1 should be 90 degrees at the oscillation frequency. This construction will reflect low impedance; hence a current will reach a maximum value at the point where the dielectric resonator is coupled to the transmission line. The length of (l 1 +l 2 ) should be equal to 180 degrees at the RF frequency, which will reflect high impedance at the RF input to prevent loading. Whilst, the length of (2l 2 +2l 3 ) together with the phase shift through the device should be 360 degrees at the oscillation frequency. To obtain each length, e.g. l 1 , l 2 and l 3 , the analysis is carried out numerically. By using a glass-reinforced hydrocarbon/ceramic laminate (RO4350B) board with the thickness and the relative permittivity of 0.762mm and 3.66, respectively and an MSA-0836 MMIC placed on it, the numerical analysis result shows that the length of l 1 , l 2 and l 3 should be 12.15mm, 21.21mm and 1.49 mm respectively.
Experimental Result
Based on the design explained in the previous section, the prototype of proposed SOM with dielectric resonator mounted on the board is then fabricated to be characterized experimentallye as shown in Figure 4 . Whilst Figure 5 shows a picture of printed circuit board of SOM made of an RO4350B dielectric substrate with the thickness and relative permittivity are 0.762mm and 3.66, respectively. The experimental characterization results are depicted in Figures 6 and 7 for the frequency response of dielectric resonator and of MSA-0836 MMIC, respectively. From the result depicted in Figure 6 , it shows that the dielectric resonator has the resonant frequency of 3.62GHz that satisfies with the design criteria. Whilst from Figure 7 , it is seen that the prototype of SOM based on MSA-0836 MMIC with dielectric resonator exhibits the conversion gain of 8dB. Furthermore, the measured input and output VSWR of the prototype TELKOMNIKA ISSN: 1693-6930
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Conclusion
A self oscillating mixer (SOM) based on MSA-0836 MMIC from Agilent with dielectric resonator functioned to establish a local oscillator signal has been investigated numerically and experimentally. The prototype has also been fabricated using a glass-reinforced hydrocarbon/ceramic laminate (RO4350B) dielectric substrate with the thickness and relative permittivity are 0.762mm and 3.66, respectively. From experimental characterization, it has been demonstrated that the prototype exhibits a conversion gain of 8dB with the input and output VSWR less than 2 across the 2520MHz to 2670MHz operating frequency band. It can be concluded that the fabricated prototype can satisfy the requirements specified for satellite television receiver especially for Indostar-2 satellite that has transponders which works at Sband frequency of 2520MHz-2670MHz. In addition, further investigation on the development of overall LNB for satellite television receiver is still in progress where more reliable results will be reported later.
